I n most tropical regions, the large-scalc flow pFtterns are most reliably established by analysis of the wind reports.
INTRODUCTION
The Helmholtz theorem, V=Wv++vx (1) which allows decomposition of the wind vector into nondivergent and irrotational components, has proven to be a useful meteorological tool. (I/' is the horizontal wind, k is a unit-vertical vector, 1/. is the horizontal stream function, V is the isobaric gradient operator, and x is the horizontal velocity potential.) Most applications of equation (1) have been to middle-and high-latitude data within the framework of numerical weather prediction models. Under these circumstances, + is usually computed from the pressure-geopotential by use of a windpressure relationship. The veIocity potential is then obtained from a second diagnostic calculation in which the thermodynamic and vorticity equations, and the wind-pressure equation, are employed. I n such a procedure, wind observations serve only as an aid in the analysis of the geopotential field and are discarded thereafter.
In most tropical areas, however, the synoptic-scale flow pattern is most reliably established by the wind reports themselves. Thus, in applications of equation (1) to low latitudes, it would seen1 reasonable to compute + directly from the wind field. The vertical component of the curl of equation (1) is v2+= k.V X V (2) which may be solved as a Poisson equation for + if { is computed from the wind analysis.
THE PROBLEM
To solve equation (2) , it is necessary to know + or its normal derivative on the boundary of the region over which the solution is to be valid. In a previous paper [I], the boundary values of + were established as follows. If s is distance on the earth along the boundary, positive in the counterclockwise sense, n is a unit vector normal to the boundary pointing outward, and n is distance on the earth normal to the boundary increasing outward, then the scalar product of n with equation (1) gives
where vn, the velocity component normal to the boundary, is the only term known from the wind analysis. Integration of ( 3 ) around the boundary curve yields
where X is the total length of the boundary. and the wind components normal to the boundary were replaced by vn-(xdldn). This has the effect of reducing the mean divergence over the area enclosed by the boundary curve to zero. If one of the boundary-grid points is assigned an arbitrary value of +, the stream function a t the remaining boundary-grid points may be found by numerical integration of (5) along the boundary. This technique appears to be entirely equivalent to that employed by Brown and Neilon [2] in an application to middle-latitude data.
For the cases treated in [2] and also for those utilized in [I], the method described above appeared to give satisfactory results.
In later applications of the same technique by Bedient and Vederman [3] and by Hawkins (research in progress at the National Hurricane Research Laboratory), it was found that utilization of equations (4) and ( 5 ) leads to difficulties which can best be described by the following example taken from Hawkins' work. Figure 2 shows the subjective analysis of the 1000-mb. streamlines and isotachs for 1500 GMT, October 13, 1956. Of particular interest is the cyclone in the center of the grid and the trough which protrudes southwestward from the cyclone. Figure 3 shows the stream function which results when equations (4) and ( 5 ) are used to establish the boundary values of + I .
Notice that the stream function gives a 1 This calculation proceeded as follows. Grid-point winds were read from figure 2. The relative vorticity was computed at each internal glid poi[it. Boundary values of C were calculated from equation ( 5 ) . Equation (2) was solvc:l 'or the stream function. follows. The integrations of equations (4) and ( 5 ) were done by the trapezoidal rule; the vorticity was approximated by where i is the row (meridional) index and j is the column (longitudinal) index, v is the meridional wind component, u is the zonal wind component, m is the map-scale factor, and As is the mesh constant; the I~aplacian was approximated by and the resulting system of algebraic equations was solved for Gi. by Liebmann relaxation with a tolerance of 60,000 m.' sec." It, may be arp:uerl that, even aside from truncation errors, the strear-1 function cannot provide a close fit to the wind analysia because the winds are not non-divergent. As will be seen iater, this argument has a certain degree of validity. However, it would indeed be disappointing if a closer correspondence between the wind analysis and the stream function could not be obtained. Figures  4 and 5 show, respectively, the vorticity and divergence computed from the wind analysis. Clearly, the vorticity, on the average, is significantly larger in magnitude t h m is the divergence and one would not want the xfield to be of sufficient intensity to explain the major differences between the flow patterns portrayed by figures 2 and 3.
A clue to the nature of the difficulty is provided by the following a,nalysis. Let $B be the boundary values of $ calculated from equations ( where V.V is the divergence calculated from the wind analysis. Sangster [4] shows that the use of (9) to establish x masitnizes the portion of the total kinetic energy carried by $ and minimizes the portion carried by X.
We have experimented with Sangster's method in three versions which differ only in the details of the numerical calculation.
Version I. Equation (9) is solved. bxlbn on the boundary is calculated from a one-sided inward difference over a single grid increment. Equation (3) is integrated trapezoidally along the boundary to obtain boundary values of $. Equation (2) is solved to obtain the internal values of $.
Version 11. Equation (9) is solved. bx/bn is evaluated by centered differences a t the grid points adjacent to the boundasy (which form what we will call the "inner boundary"). Equation 
which is integrated trapezoidally from the inner to the outer boundary with bx/bs eoaluated by centered difl'erences. This establishes $ a t all grid points on the outer boundary with the exception of the four corner points. The corner points are evaluated as simple arithmetic means of the +values at the two adjacent grid points on the outer boundary.
Version III. The stream function on the inner boundary is obtained by the procedure used in Version 111. However, before the solution of equation ( 2 ) is begun, values for I ) on the outer boundary are calculated by the method used in Version 11. At this point, the +-\dues on the inner boundary are discarded and (2) is solved for $ a t grid points internal to the outer boundary.
A calculation using a normal-derivative boundary condition was also carried out.
Normal-Derivative Boundary Condition. Equation (9) is solved for x. Equation (2) is solved for # a t grid points internal to the outer boundary; during each scan of the relaxation $ on t1he outer boundary is recalculated by a trapezoidkl integration of (10) from the inner to the outer boundary; the most recent estimates of t) a t the internal grid points and a centered difference estimate of bxlbs are used in this calculation. By use of (12) to (19), the following technique was devised.
I),-Version. Equation (9) is solved for x. Equation by centered differences is integrated trapezoidally along the inner boundary thereby establishing I)2 on the inner boundary. Equation (19) with bI),/bs evaluated by centered diff erences is integrated trapezoidally from the inner to the outer boundary whicl~ establishes +q on the outer boundary with the esception of the corner-grid points. The corner points are treated as described above for I)3. The Lapla.ce equation for I)z is solved to obtain values at grid points internal to the outer bounclary.
Equation (14) is used to calculate I).
Figures 5-12 show the results obtained from the five methods just described. These stream functions appear On the other hand, all of the methods give u sprlrious cyclone close to the southern boundary.
T o pursue the matter further, figure 13 shows the zonal component of the analyzed wind. In particular, we wisll to draw attention to the undulating zone of westerlies found over the southern portion of the chart. These westerlies constitute the flow around the southern portions of the cyclone and trough. For the sake of co1npar1~011, figwe 14 shows the zonal wind computed from u= -@*/by) + (bx/dr) (20) where the stream function obtained from Version III has been employed. Here we note a zone of westerlies whicll in shape and location is quite similar to that in figure 13 . Finally, figure 15 shows the zonal wind computed from
where, again, the stream function obtained from Version I11 has been used. The zonal winds of figure 15 show a break in the westerly band in the region where the flow a,round the southern portion of the cyclone should be. The easterlies which occupy this region close off the spurious cyclone noted near the southern boundary on the stream function charts. Thus we must conclude that accurate portrrbyal of the wind directions associated with the cyclone and trough found on figure 2 requires both the irrotational and the non-divergent parts of the wind if the calculations are carried out by the t.echniques employed here. Substantially better solutions for fi are obtained by use of the bounclnry condition given by equation ( 3 ) or by that gi17en with equation (11), provided that the derivatives of the velocity potential are estimated ns centered differences of the solution to (9) . Solution of the problem with the 
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